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Introduction
Global development in all areas of human activity, especially economic, industrial, infrastructural, cultural and social, has led to the outbreak of a new worldwide occurring health-associated problem: obesity. Historically, it was understood simply as a disproportion between body weight and height accompanied by fat tissue excess, which affected few people and had no serious consequences for human health. Contemporarily, the constantly increasing prevalence and severity of obesity have evolved to the scale of a pandemic and provoked worldwide clinical research that led to the understanding of obesity as a disease complex, multifactorial and affecting many aspects of human physical and psychological health, which is preventable and treatable [1, 2] . Recent epidemiological data show alarming trends: over 30% of the world's population meet overweight or obesity diagnostic criteria (assessed most commonly by body mass index (BMI) calculations) and the predicted increase in these rates, with the actually observed growth trend in obesity's occurrence, gives an estimated percentage of 38% overweight people and another 20% obese by the year 2030 in the world population [3] . Modern medical knowledge considers obesity not only as an isolated disease, but also as a part and a cause of metabolic syndrome -an illness described in the AHA-NHLBI joint consensus in the year 2009 [4] . Further epidemiological research focused on metabolic syndrome (MS) proved its connection with increased cardiovascular disease (CVD) morbidity and mortality. There are also many other diseases with a clinically proven connection with obesity, for example sleep apnea, depression, chronic joint disease, certain kinds of neoplasms and many others. Thus, in the face of the global obesity pandemic and the fact that cardiovascular and other obesity associated diseases encompass the most common death and morbidity causes in the world population, an urgent need for effective therapeutic methods has emerged [5] [6] [7] . With the contribution to the development of general surgery, a number of operative techniques for obesity treatment were invented and a new branch of surgery has been created: bariatric surgery. Nowadays, bariatric surgery is scientifically proven to be the most effective method in curing not only obesity, but also accompanying metabolic disorders and other diseases related to obesity [8] [9] [10] [11] .
One of most widely performed techniques for obesity treatment is currently laparoscopic sleeve gastrectomy (LSG) [12] . It is clinically proven to induce a positive bariatric effect, understood as significant body weight loss and a therapeutic effect in components of metabolic syndrome [13] [14] [15] . The LSG method relies on surgically created anatomic changes in the gastrointestinal (GI) tract, which change and shorten food passage and additionally provide neurohormonal changes, affecting appetite regulation, GI tract motility and volume, absorption of nutrients and secretion of other hormones (including insulin) [16] [17] [18] . Our department is experienced in performing LSG and assessing its long-term effects.
Aim
The aim of this study was to analyze and statistically assess biometric and selected biochemical metabolism parameter data, collected in 1-year follow-up from patients operated on using the LSG procedure in our department for evaluation of the efficiency of this technique in treatment of morbid obesity.
Material and methods
This is a retrospective cohort study of 211 patients undergoing the LSG procedure in the 1 st Department of General and Endocrinological Surgery of University Hospital in Bialystok in the years 2009-2018. Patients were qualified for surgical treatment of morbid obesity according to the Polish Guidelines on Metabolic and Bariatric Surgery [19] . In accordance with the European Personal Data Protection Regulation and recommendations of the Bioethical Committee of the Medical University of Bialystok, all patients received specially prepared forms, including information about personal data processing and storage, a description of the study course and aim with formal consent for participation in the study. The study was designed and conducted in accordance with STROBE guidelines and the report of the ISPOR task force [20, 21] . Study inclusion criterion: patients qualified for laparoscopic sleeve gastrectomy. Patients were excluded when lack of necessary data or severe postoperative complications such as bleeding, anastomosis leak, septic complications and/or cardiopulmonary depression occurred, because of the significant impact of these complications on postoperative treatment course and patient clinical status, which might impair objective assessment of the standalone LSG operation effects in areas of the study's aim. The study group included 212 patients from our department with complete data of 12 months postoperative follow-up. Demographic and clinical data were gathered prospectively at the follow-up visits, along with repeat measurements of selected laboratory parameters (on the day of the operation, 1 month, 3 months, 6 months, 12 months after LSG). 107 males and 104 females (51%/49%) with the average age of 51 (47-57) years were analyzed during the follow-up, with a total of 211 patients subjected to LSG operation technique. Median length of hospital stay was 3 (2-3) days. Postoperative morbidity rate was 6.58% (16 patients). Bariatric effects were assessed using BMI, total weight loss (%TWL), percent excess BMI loss (%EBMIL), and percent excess weight loss (%EWL) parameters. For calculations of these parameters ideal body weight (IBW) was considered. The criteria for MS diagnosis compliant with AHA-NHLBI guidelines were used in this study. They require the fulfillment of 3 from 5 criteria: abdominal obesity, understood as waist circumference above 80 cm in women and > 94 cm in men, dyslipidemia (triglycerides > 150 mg/dl, high-density lipoprotein (HDL) cholesterol fraction < 40 mg/dl in men and < 50 in women), hypertension (systolic blood pressure > 135 or diastolic > 85), glucose intolerance (fasting glucose in serum > 100). The first major component of MS is obesity, which, due to the study group intended characteristic, concerned all observed patients. An important point is that we did not take into consideration waist circumference for separate abdominal obesity assessment. However, all our patients had preoperative BMI above 40 kg/m 2 , and the absence of abdominal obesity at such BMI values is rarely possible; therefore we assumed that this criterion of MS had been met for all patients involved in this study. Comorbidities were treated before and after the operations by independent specialist doctors and assessed for this study at the follow-up visits, relying on data from interviews with patients and their medical documentation. The most frequent diseases diagnosed among analyzed patients before the follow-up were (listed by frequency of occurrence): arterial hypertension, diagnosed 8-18 years before the study, non-insulin dependent diabetes mellitus, treated pharmacologically from 4 to 7 years long, obstructive sleep apnea, chronic joint disease, depression, varicose veins and coronary artery disease. If we describe all diagnosed comorbidities in numbers, there were 956 comorbidities diagnosed in a total of 211 patients. Note: each single patient may have had suffered from many comorbidities simultaneously. For assessment of the course of comorbidities during the observation period, the patients were divided into two groups: one with observed partial remission of certain comorbidity, understood as relief of some symptoms or their severity reduction, combined with changes in therapy, such as withdrawal of particular medicines or other reduction in treatment intensity, and the second group, in which we observed total disease remission, which means total resolution of symptoms followed by therapy cessation. Biochemical analysis relied on blood samples taken from examined patients and was performed in a hospital laboratory. Parameter norms used in this laboratory were considered for the assessment. Analyzed parameters were as follows: serum levels of bilirubin, creatinine, C-reactive protein (CRP), glucose, insulin, urea, uric acid, alanine aminotransferase (ALT), asparagine aminotransferase (AST), g-glutamyltransferase (GGT), total cholesterol (TC), LDL cholesterol, triglycerides (TG), HDL cholesterol, glycated hemoglobin (HbA 1c ), selected blood morphology parameters (white blood count (WBC0, red blood count (RBC), hemoglobin level, platelets (PLT)), serum levels of vitamin B 12 , D 3 , iron, magnesium, lactate dehydrogenase (LDH).
Limitations
Data assessment for this study was limited to a 12-month patient observation period after undergoing the operation.
Statistical analysis
Statistical analysis of collected data was performed using Statistica 13.5 software (StatSoft, Tulsa, Oklahoma, United States of America). Continuous values were presented as means with standard deviations, or medians with interquartile ranges as appropriate. Quantitative variables were compared using the repetitive measures ANOVA with posthoc multiple comparison of variations or Friedman's ANOVA with multiple comparison of mean ranges (nonparametric). P-values ≤ 0.05 were considered statistically significant in most calculations.
Results

Bariatric efficiency
A p < 0.001 was considered for statistical calculations in this assessment and all results were statistically significant. Median preoperative BMI, calculated on the day of the operation, was 45 . At the same time, measurements for %TWL, %EWL, %EBMIL parameter calculations were taken. One month after the performed operations a mean reduction of total body weight of 9.77% and average loss of excess weight and excess BMI by 22.25% was observed in all patients. In the following 3, 6 and 12 months after LSG surgery, a positive trend in inducing objective weight loss, therefore also in treating obesity, was sustained. The BMI value was reduced from a medium of 36.84 at 3 months of follow-up to 33.14 in the 6 th month and to 30.37 after a year of observation. Total mean BMI reduction after the 12 months of the observation reached a value of 15.54 kg/m 2 . Accordingly, total body weight (%TWL) dropped by a median of 18.07% 3 months after the operation, 26.04% 6 months and by 32.23% at the end of our observation. Excess weight loss (%EWL) and excess BMI loss (%EBMIL) percentages increased from 40.73% in the 3 rd month of follow-up to 59.47% in the 6 th month and finally to 73.55% in the 12 th month after the surgery. These results are shown in Table I . Figure 1 shows trends in BMI, %TWL, %EWL and %EBMIL changes achieved during the follow-up. In summary, we achieved statistically significant weight loss in all patients of our study group, with preservation of the desired trend in change of these parameters, which allows the prediction of a sustained therapeutic effect in obesity treatment for our patients including after the follow-up.
Assessment of LSG influence on comorbidities
According to this study subject and the statements featured in the introduction, one of our main tasks was to assess the efficiency of the LSG procedure in treating metabolic syndrome. We aimed not only to assess occurrence of MS components before and after the operation, but also to observe certain biochemical changes, underlying the therapeutic effects. Therefore, our observations in this matter will be described later, along with postoperative glucose and lipid metabolism profile analysis. Partial remission took place in 273 diseases, giving an overall partial remission rate of 28.56% after the year of observation. Total remission was observed in 45 diseases, giving an overall total remission rate of 4.71% at the end of follow-up. These results are shown in Figure 2 . The most notable postoperative therapeutic effect, revealed as partial remission rates above approximately 30% cases and/or total remission rates reaching approximately 10%, was observed in cases of chronic obstructive pulmonary disease (COPD), obstructive sleep apnea, peptic ulcer disease and depression. Substantial recovery rates were likewise observed in patients with coronary artery disease, chronic join disease, deep vein thrombosis, trophic leg ulcerations, gastritis and duodenitis. Partial remission in these diseases occurred in respectively 28.81% to even 100% of cases. No total remissions were observed in these illnesses, but the fact that pathogenetic changes caused by them are irreversible and/or their treatment demands performing additional, specialized procedures, should be clearly considered. Lower, but still notable, partial remission percentages were observed in cases of venous diseases, such as hemorrhoids and varicose veins of inferior limbs. Undergoing the LSG procedure had no observed therapeutic influence on gastro-esophageal reflux disease (GERD), esophageal varicose, non-alcoholic fatty liver disease (NAFLD), hiatal hernia, asthma, nephrolithiasis or cholelithiasis in our patients after a year of follow-up. Comorbidities diagnosed among the patients, their frequency and partial or total remission rates observed in our study group are presented in Table II . There were also diseases whose prevalence rose after the procedures in our study group: GERD and esophagitis. Pre-and postoperative occurrence of these comorbidities are shown in Table III .
Efficiency of LSG in treatment of metabolic syndrome components
Effectiveness of bariatric surgery in the area of obesity treatment is undeniable and was also observed in our follow-up and described in detail above in the "bariatric efficiency" section. From among other diseases forming MS, arterial hypertension (AH) and NIDDM were the two most common comorbidities in our study group and were diagnosed respectively in 85.6% and 55.92% of patients before the LSG operation. The impact of undergone surgery on the clinical course of these diseases was observed as achieving better glycemia and blood pressure control in patients, which allowed reduction of previously used pharmacotherapy dosage and/or a change of a few medicines usage into single medicine therapy. Such an effect was notable in 35.59% cases of NIDDM and in 20.19% of cases of arterial hypertension after 12 months of the follow-up. Another observed effect in our study was normalization of blood pressure and serum glucose levels without need to sustain previous treatment. Such an impact of the LSG procedure, understood as total remission, was observed in 12.71% of cases for NIDDM and in 3.85% cases for AH. Described results are shown in Table II and Figure 3 . The influence of this bariatric procedure on NIDDM treatment was analyzed along with certain glucose metabolism parameters. A gradual decrease in mean fasting glucose serum level was observed from 1 to 12 months of observation, reaching a total reduction in medium glucose concentration by 11 mg/dl at the end of follow-up. Changes in serum glucose levels were followed by significant reduction of mean fasting insulin concentration from 24.2 preoperatively to 8.7 μU/ml, which means a total reduction of insulin level by 15.5 μU/ ml. Raised fasting insulin levels in obese patients are associated with the phenomenon of insulin resistance, underlying development of NIDDM; therefore reduction of this parameter can be identified with a reduction in insulin resistance (and may be proven for instance by calculating the HOMA-IR index). Another analyzed laboratory parameter, important in long-term serum glucose levels variability assessment, was glycated hemoglobin (HbA 1c ). In the study group we observed reduction of this parameter by 0.6% over the time of the follow-up, which can be comprehended as better long-term maintenance of reduced serum glucose levels in patients. Described results are presented in Table IV and Figure 4 . Another component of MS is dyslipidemia. For the assessment of bariatric procedures' influence on lipid metabolism we analyzed variations in serum levels of the main lipid factions, such as total cholesterol (TC) with HDL and LDL factions and triglycerides. We observed a desired decreasing trend in atherosclerosis-promoting lipid levels, wherein the concentration of the protective HDL fraction rose gradually. TC level was reduced by a medium of 24 mg/dl over the 12 months after the surgery, the LDL fraction level dropped by a mean of 24.5 mg/dl, and TG serum concentration decreased by a medium of 51.5 mg/dl. The observed HDL serum level increase reached up to 8 mg/dl in our study group. These results are shown in Table V and Figure 5 . In summary, we observed a significant, positive and multifactorial therapeutic outcome in all aspects of metabolic syndrome after 12 months of follow-up in patients who underwent the LSG procedure.
Analysis of the influence of LSG on biochemical parameters
Two markers with observed statistically significant increased mean serum concentration after the follow-up were noted -bilirubin and vitamin D 3 . Bilirubin level remained in the normal range during follow-up so fluctuations of its serum concentration had no clinical importance. Whereas medium vitamin D 3 level was below the norm before the follow-up, a gradual increase of this parameter occurred during the observation period, reaching recommended values from the 1 st month after the operation. Laboratory parameters withslightly decreased medium levels after undergoing the LSG operation were as follows: creatinine, CRP, uric acid, ALT, AST, GGT, WBC, RBC, PLT. Their laboratory values also remained within the normal ranges in the whole observation period. In other biochemical markers no statistically or clinically significant influence was observed during the observation period. Described results are presented in Table VI .
Discussion
Metabolic syndrome is a complex and multifactorial disease, compromising pathological changes, that are burdened with high risk of promoting atherosclerotic diseases, which are the most common death causes among the world's population [22, 23] . Obesity takes one of the most important places among all MS components, because it is proven to be a standalone factor that induces other components, such as NIDDM, AH and dyslipidemia [24] . Thus, effective therapy demands a multidis- Figure 4 . Glucose metabolism parameters' variability with trends over the time of the observation ciplinary approach. Our study revealed that, with the contribution to bariatric surgery development, single therapeutic procedures with notable clinical effectiveness in all aspects of MS were discovered. The LSG is one of the most effective methods for obesity treatment and stands out to fulfill requirements demanded for appropriate therapy in the whole MS area, in cooperation with diet, psychological treatment, lifestyle modifications and all other supportive therapy methods. Such a conclusion is widely confirmed also in current scientific literature [24] [25] [26] , whereas standalone therapeutic efficiency of mentioned conservative methods usage without bariatric treatment remains unsatisfactory and rarely provides desired positive long-term outcome [27] . When focusing on particular MS components, results achieved in our observation lead to the conclusion that undergoing the LSG operation not only effectively treats existing NIDDM cases, but also enforces normalization of glucose metabolism parameters and prevents development of NIDDM by treating the insulin resistance phenomenon. This conclusion is also confirmed in other publications [28] [29] [30] . Observations of a positive clinical impact in treatment were made also in AH cases during our follow-up and are confirmed in other studies; therefore, bariatric procedures may be considered as a therapeutic solution also in this aspect of MS [31] . Another component of MS, dyslipidemia, is the main factor promoting atherosclerotic changes in blood vessels [32] . The LSG procedure appeared to have a reductive effect in medium serum levels of atherosclerosis-promoting lipid factions (TG, LDL, TC), wherein the observed serum level of the protective HDL fraction rose during the follow-up. Improvements in lipid metabolism caused by bariatric procedures are known in the scientific literature, but each operation technique induce changes with different intensity; thus an appropriate procedure should be selected for dyslipidemia severity in the patient [33, 34] . During the follow-up we also observed pleiotropic improvements in many other obesity-related comorbidities, like other authors assessing patients after bariatric surgery [35, 36] . Although observed clinical improvements in these diseases are significant and important, complete postoperative resolution in most comorbidities is rather rarely observed [37] . Such a tendency is also notable in our material. Worth emphasizing is the fact that treatment of certain comorbidities, such as coronary artery disease, chronic join disease, trophic leg ulcerations, gastritis, duodenitis, and vein diseases, demand not only eliminating underlying etiological and pathophysiological causes, but also performing specialized therapeutic procedures. Such procedures may be effectively done after bariatric treatment, thanks to the vicious circle-breaking effect achieved along with weight loss, which also leads to elimination of the cause of the disease. Therefore bariatric procedures should be considered as a first step and necessary treatment in these diseases, despite the fact that their standalone therapeutic effect may not seem to be sufficient [38] . Clinically desirable reduction of certain biochemical markers, such as creatinine, CRP, uric acid, ALT, AST, GGT, connected with renal and hepato-biliary function or inflammatory activity, was also observed in our study group, but values of these parameters remained in the normal ranges in the whole observation period. Other authors provide information that the overall long-term (above > 12 months) influence of bariatric treatment on kidney, liver and inflammatory function is positive, so these results could be considered as a good prognostic factor also in our assessment [39] [40] [41] [42] . C-reactive protein and other inflammatory marker levels' postoperative increase is also proven to be diagnostic in operation technique related complications, such as bleeding or anastomosis leak [43] , but the patients who developed such complications were excluded from the follow-up, and therefore mentioned conclusions on the postoperative inflammatory function could be stated. Worth emphasizing is that there are many other factors influencing overall postoperative outcome, that are not connected with operative technique. Patient compliance, preoperative clinical status, perioperative care standards and clinical bariatric experience are proven to be significant factors not only in procedure-related complication risk, but also in postoperative therapeutic efficacy and should also be considered in assessment of a specific bariatric procedure's influence on certain comorbidities [44] [45] [46] . Our follow-up period was limited to 1 year after the performed LSG operation, but the data collection from many patients who participated in this study and newly acquired patients is still in progress to be assessed in further studies. The contemporary medical knowledge base already provides viable information on bariatric treatment long-term efficiency in aspects of obesity, metabolic syndrome and comorbidities treatment, but many authors claim that the data in this issue are still insufficient. Analysis of 3-and 5-year long follow-ups confirms efficient weight loss and a major improvement in obesity-related comorbidities, but some also report significant weight regain followed by an NIDDM remission rate decrease [47] [48] [49] . Positive changes in lipid profile after undergoing the LSG operation appear to be statistically significant only in short-term observations, but seem to remain at desirable levels over time [50] .
Conclusions
Laparoscopic sleeve gastrectomy is an effective method of treatment for morbid obesity, especially in cases meeting criteria for metabolic syndrome, provides a significant positive clinical outcome in obesity-related comorbidities and induces positive changes in biochemical markers, such as creatinine, CRP, uric acid, ALT, AST, GGT, that might be considered as a good prognostic factor in assessment of kidney, liver and inflammatory function. According to the aim of this study and observation results we consider that the follow-up was successful for all 211 subjected patients. Although postoperative complications occurred in our study group and were not evaluated in this particular follow-up, expected positive effects in areas included in this study's subject were achieved. The general conclusion is that LSG is one of the bariatric procedures that should be recommended as a main and first step complex therapeutic solution for metabolic syndrome and other morbid obesity cases in compliance with good clinical practice and evidence-based medicine rules.
